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DETEW4lNiMC SIZE OF ERClPS uI FYEj, XIXTTJRZ OF 
I n  c o q ) r e s s o r l e s s  Diese l  engiries and i n  expldsion engines 
u s i n g  f u e l s  wi th  high b o i l i n g  u o i n t s ,  it is d i f f i c u l t  t o  ef- 
f e c t  a p;ood combus-tion of t h e  f u a l  r i x t i u ~ ~ -  F'or t h i s  reason 
many at tempts  have been maia  i n  recexlr, ? e r r s  t o  tiiscover t h e  
p r s c e s s s s  involved in the  f  o r r ~ ~ ~ t i o n  of t h e  f u e l  mixture-  
combustion engines t h e  atomizaC f u e l  i s  mixed with a i r  Aside 
from t h e  uniforin d i s t r i b u t i o n  of the  f u e l  drops, t h e  cmbus- 
t i o n  p r o p e r t i e s  of t h e  mixture depen6, f o r  a given f u e l ,  mainly 
on t h e  f ineness  of t h e  atomizat ion.  Experiments show t h a t  t h e  
s i z e  of t h e  drops i n  a f u e l  rnixture vari'es grea t ly .  * *  T h i l e  
t h e  smallest  drops Mve diameters  of only a few thousandths of 
a mi l l imeter ,  o t h e r  drops h8ve diameters  of 0 .1 mm (0.004 in .)  
and more. T!ie q u a l i t y  of a f u e l  mixture,  as regards i t s  COm- 
b u s t i o n  p r o p e r t i e s ,  c?apend s. on t h e  fo l lowing considerat ions.  
- - 
* "Grossenbestinunung de r  B r e m s t o f f t r o ~ f e n  i m  Gmischnebel von ' 
Ver9rennl~ngsk~iif  t i~asc 'n i r~er~"  from " Z e i t s c h r i f t  des Vereines 
d e u t s c h e ~  I n g e n i e ~ r e , ' ~  JuLy 31, 1926, p 1G40-1042. 
* *  C f .  F .  Hauser an3 GO S t r o h l ,  " Z e i t s c h r i f t  f u r  Technische 
Physik," 1924, p. 151 .  
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W i t ' : ?  respect  t o  the  s i z e  of the f u e l  drops, a mixture i s  
improved : 
a)  By t h e  f ineness  of the  atorfiization; 
b) By the  uniformity of the  alomization, i. e., by dimin- 
i sh ing  the  d i f fe rence  between the  s izes  of the  individual  drops. 
Great d i f ferences  cause disturbances i n  the  passage from the  
nozzle in-to t he  combus t ion chamber and a l s o  i n  t he  cmbustionw 
In  order t o  character ize  the  f ineness  of a mixture, one 
must measure the  s i z e  of t h e  ?-rops o r  some function of the  s i ze .  
I f  the  f u e l  d r ~ p s  were a l l  of the  same s i z e ,  the  f ineness  of t he  
mould be given d i r e c t l y  t he  s i z e  of t he  drops. 
Since, however, the re  a r e  always drops of very d i f f e r e n t  s izes ,  
t h e  ac tua l  t a s k  i s  t o  determine t h e i r  mean size.  
The de f in i t i on  of the mean value t o  be chosen f o r  given condS 
t i o n s  depends on the  object served b y  the  mixture. The mean 
s i z e  of the  drops must there fore  be  so defined t h a t  i t  w i l l  con- 
s t  i t u t e  a c r i t e r i o n  f o r  the  combustion cha rac t e r i s t i c s .  The 
l a t t e r  depend (o the r  things being equal) e s sen t i a l l y  on the  mag- 
n i tude  of the  t o t a l  surface a r ea  0 of t he  drops i n to  which a 
d e f i n i t e  l i qu id  volume V i s  converted. It can be demonstrated 
3 8  
- -t h a t  t h e  value rm - furnishes ,  as t h e  mean s i z e  of t h e  
drops,  a  c r i t e r i o n  f o r  the  combustion cha rac t e r i s t i c s  of fue l  
mixtures.  
Aside f  row! the  f ineness detemined by the  quant i ty  
t h e  excellence of an atomization depends on i t s  uniformity. The 
Inore t he  individual drops d i f f e r  frml one a-nother i n  s i z e  and the  
l e s s  uniform the  mixture i s ,  t h e  l e s s  excellent  t he  atomization. 
A c r i t e r i o n  f o r  the  degree of l ack  of uniformity of a n ix tu re  
can b e  decluced, and t h i s  must be  a non-dimensional coeff ic ient ,  
i n  con t rad i s t inc t ion  t o  the mean s i z e  of the  drops rm which 
represents  a l i n e a r  dimension. The considerat ions which lead t o  
t h i s  c r i t e r i o n  a r e  therefore  just a s  camp'licated, s o  that  refer-  
ence must be  made here t o  the  complete work ("Forschungsarbeiten" 
published by the  "Verein 3eut scher Ingenieure, I' No 279). 
The measurer;lent and cornputation of t he  "degree of l a c k  of 
uliif osmity" i s  d i f f i c u l t  an& tedious.  One can theref  ore gener- 
a l l y  confine himself t o  the d e t e m i a a t i o n  of the  n?ean s i z e  of 
t h e  drops a s  the  most important quant i ty  f o r  the combustion 
c h a r a c t e r i s t i c s  of the  mixture. 
Methods,- The poss ible  methods can b e  fundarilentally divided 
i n t o  tno groups. In  one grocp a rzean - ~ a l u e  of the  drops can b e  
found d i r e c t l y  without measuring the inCividua1 drops. I n  the  
o ther  group the  inclividual drops a r e  measured and t h e  corre- 
s-oonding mean value  i s  cornput ed therefrom. 
I n  order t o  determine t h e  s i z e  of t h e  individual drops, we 
must a r r e s t  t he  swi f t ly  moving drops f o r  t h e  durat ion of the  
measurement. There a r e  the  following poss ib le  ways of doing 
t h i s :  
1. Catching the  drops on a screen and measuring the  spots  
with a microscope or ocular micrometer (F .  &user and 0. St ro l ,  
" Z .  f .  techn. Physik," 1924, pp. 157 and 624); 
- - - -- - - 
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2.  Brief i l lumination and microscopic observation o r  rnicro- 
photography of the  drop by tha l i g h t  of e l e c t r i c  sparks (which 
cause the  drops t o  appear a t  r e s t ) .  
1-mong the  numerous p o s s i S i l i t i z s  f o r  t h e  d i r e c t  determina- 
t i o n  of the mean s i z e  of the  drops, the  f ol lov~ing methods a r e  
included: 
1. Catching the  drops on a screen and determining t h e i r  
t o t a l  volume V and t h e i r  number n;* 
2 .  Measur in~  the  dynamic pressure exerted by the  drops on 
a screen (a .  Riehm, "Xe i t s ch r i f t  der  t 'ereines deutscher Ingm 
r i e u r e , "  1924, p. 641) ; 
3. Determining the aean s i z e  of the  drops by measuring 
t h e i r  vanorizat ion spoed (E Klaf ten, "Motornfagen, I' 1921, pp,:~21, 
242 and 279). 
4. Yeasuring the  quant i ty  of e l e c t r i c i t y  ca r r i ed  by the  
p a r t i c l e s ,  when t h e  nozzle i s  charged t o  a ceptatn po ten t ia l ;  
5. Measuring photometrically t he  weakening of a ray of 
1 ight  t ransrnit t ed  through the  mixture. 
The above-rnent ioned methods fu rn i sh  d i r e c t l y  a mean value 
of t he  s i z e  of t he  Crops, methods 3, 4 and 5, giving the  value 
- -  
'.m - 0 ,  while 1 and 2 y ie ld  a xean value d i f f e r i n g  from rm= 
I I I I 
* R. Kuekn, ''Ueber d i e  Zerstau70ung f l u s s i g e r  Brennstoffe" i n  
"llotor:mgen!!: 1224, J-sly 10 a& 20, Oct. 10  and 20, Nov. 30, 
Dec. 10; 1325, Jzn. 30, Feb. 10  ( f o r  English t r ans l a t i on ,  see 
H . A . C . A .  T . X .  339, 330 and 331). 
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Tliere i s  therefore  a consid.erab1e nmber of poss ible  meth- 
ods f 3r determining the  msa3 s i z e  of the  drops. In  p rac t ice ,  
however, 8 l a r g e  snare  of then can not be used f o r  exact measure- 
ments, p a r t l y  dxe t o  the  Ciff i c u l t i e s  ir-cident t o  t h e i r  execu- 
t i o n  and p a r t l y  because they can net be  aacptcd t o  t h e  desired 
expe~imzntal  confiitions. S m e  of the  metls?-s mentioned require 
much time f o r  each messurernent, t11u-s rel?-ler-ing systematic exper- 
Imenk t  ion very tedious. 
Methsds 4 and 5 fulfill the  need of a rapid and s u f f i c i e n t l y  
accura te  Drocess f o r  deta-minlrrg the mean s i z e  of the  drops. 
These were t es ted ,  ur,der t he  conditroris 05taining f o r  e q l o s i o n  
engines, .mrith su i t ab l e  apparatus a s  sho;.;n i n  Figs. 3-2. The 
making of the measurements i s  simple b y  b ~ t h  :nethods and requires 
but  l i t t l e  time f o r  su f f i c i en t  accuracy. 
Method 4 i s  based on t h e  prir iciple t'nat the  l i q u i d  p a r t i e  
c l e s  become charged i n  l eav ing  the  mouth of the  atomizing nozzle 
which, fo r  exampple, i s  under an e l e c t r i c  tension of 100 vo l t s .  
I f  the  mouth of t he  nozzle i s  spher ica l ,  then, s ince  t he  drops 
may be  regarded as small spheres, the re  ex i s t s  a simple mathe- 
r a t i c a l  r e l a t i on  bets$een t h e  s i z e  of t h e  drops and t h e  quant i ty  
of e l e c t r i c i t y  c l r r i e d  b y  them ( F .  ~&zmns, "Annalen de r  Physik," 
1,903, p.  816 f f ) .  I f  the  drops 2 r e  col lec ted i n  an insulated 
ves se l ,  they impart t h e i r  e l e c t r i c i t y  t o  t he  vesse l ,  which thus 
becoxes charged. The receiving vessel  i s  grounded over a mirror  
galvanonetes through which t h e  e l e c t r i c i t y ,  imparted by the  drops 
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t o  t h e  vessel ,  continually flows away. The current  i, indi- 
cated by the  mirror  galvanometer, and the  volume B, of the  
l i q u i d  atomized pe r  second, a r e  measured. The mean s i z e  of t h e  
V d ~ o p s  is then determined from the  simple formula rm = KT, i n  
which K is a. constant of t h e  experimental apparatus. 
I n  method 5, it can be demonstrated tha t  the re  i s  a simple 
r e l a t i o n  between the  weakening of t he  l i g h t  and the  s i z e  of the  
drops. I f  it i s  f i r s t  assumed t h a t  the  drops a r e  pe r f ec t ly  
opaque, they then weaken the  beam of l i g h t  passing through the  
f u e l  mixture i n  proportion t o  the  f ineness  of d iv i s ion  of a giv- 
en volurae V of the  l i qu id ,  s ince,  with t he  $inenass o f  the  
drops, t h e i r  t o t a l  supe r f i c i a l  area  and cross-sectional a rea  
increase.  The opaque drops therefore  cover a part of the  beam 
of l i g h t  i n  groport ion t o  t h e  fineness of t h e  atomization. I f  
a beam of l i g h t  i s  passed through a fue l  mixture, which is  flow- 
ing  through a tube of diameter Q, perpendicular t o  the  ax i s  
of t h e  tube and i f  t h e  volume v of a i r  passing through per  
second, t h e  volume V of t he  , l i qu id  atomized per  second ~ n d  
the  diminution U of the  l i g h t  i n  per  cent of the  undiminished- 
l i g h t  i s  measured, the  mean s i z e  of t h e  drops, i n  a not  too 
dense and there fore  not too l ight-reducing mixture (U c 2 0 % ) ~  
VD 
can then b e  determined from the  formula rm = 75 ,u, whefeby 
U i s  read on t h e  sca le  of t h e  correspondingly ca l ib ra ted  photo- 
meter. 
In dense f u e l  mixtures vrith f i n e  atomization, where the  
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s t r eng th  of t h e  l i g h t  is g rea t ly  reduced, i t  mst be rexenbered 
t h a t  t he  drops (viewed i n  the  d i rec t ion  of the l i g h t )  p a r t i a l l y  
shade one another and 3ence s m e  of t he  drops do not weaken the  
l i g h t .  Computation S ~ O V S  t h ~ t  instead of U another quant i ty  
u must be introduced. which i s  comected v i t h  U by the  equa- 
-U 
t i o n  U = 100 (1 - e loo). It is  more p rac t i ca l  t o  subs t i t u t e  
t h e  value  of u obtained from t h i s  equation instead of the  cor- 
responding value U on the  photo~xeter sca le .  For mixtures of 
any des i red  dens i ty  and f ineness ,  the  mean s i z e  of t h e  drops is 
V 3  given - by the  f o m u l a  r, = 7 5  ,. 
The above equations apply t o  opaque Crops, bu t  i n  r e a l i t y  
t h e  drops a,re more o r  l e s s  t ransparent .  In ahclition t o  t he  l i g h t  
pass ing totvaen the  drops, a c e r t a i n  share of the  l i g h t  passing 
through the drops a l s o  f a l l s  on the  photometer screen. It may 
b e  d-emonstrated tha t  t h i s  share can be made as small as des i red  
by increas ing the  dis tance  between the  photometer screen and 
t h e  mixture, so t h a t  t he  e f f e c t  of the  l i g h t  passing through 
t b e  arops f a l l s  below the  s e n s i t i v i t y  of the  photometer and con- 
sequently does not a f f e c t  t he  measurement. This circumstance 
i s  eec i s ive  f o r  t h e  p r a c t i c a l  a p p l i c a b i l i t y  of t h i s  op t i ca l  
method, s ince  very complicated r e l a t i ons  would otherwise occur. 
In t h e  experiments watef was used as the  mixture-forming 
( o r  cloud-f orning" ) l i qu id .  The atomizing device employed 
gave f o r  %he tno  nethods, the  same values f o r  the  radius rm 
of t h e  crops, f o r  which a value  of 0.073 mm (0.003 in.) w a s  
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Since the  method base6 on t h e -  t ransference of e l e c t r i c i t y  by 
the  drops measures t h e  atomization produced i n  t he  inmediate 
v i c i n i t y  of t h e  spraying nozzle,  ~ h i l e  t h e  op t ica l  nethod onablos 
the  measurement of t he  atomization a,t soze dis tance  Prom the  
nozzle,  a glimpse in to  the  manner of t h e  production of the  atom- 
i z a t i o n  can be thus obtainsd. I f  the  d-rops fomell a t  the  mouth 
of the  nozzle by  the  breaking up of the  ' l iqu id  j e t  a r e  s t i l l  
f u r t h e r  divided by the  d i spers ive  a c t i o n  of the  a i r  stream, then 
t h e  simultaneous use  of bo th  methods a t  d i f f e r e n t  po in t s  i 3  the 
mixture gives d i f f e r e n t  values of , f roxi which the  disper- 
s i v e  e f f ec t  of t'ne a i r  stream on the  drops can be determined. 
A t  the  re la t ive19 low a i r  v e l o c i t i e s  vhicln cou1Ct be  em- 
ployed i n  the  experiments, the  d i spers ive  e f fec t  of t 3 e  a i r  
stream mas not  vexy noticeable.  
Further  experiments, which a r e  now being t r i e d  i n  t he  lab- 
o ra to ry  of the  Technical High School, have t o  do w i t h  t h e  t es t -  
i&g of the  atomization produced by the  various atomizing deyices 
under d i f f e r en t  conditions and ~ ~ i t h  Ciff erent fue l s .  Their pur- 
pose i s  t o  determine the  e f fec t  of various conditions on the  
atomization and t h e  bes t  a.rrangenent f o r  given conditions. * 
* The experimental apparatus er-ployed. rendered it  passilble t o  
t e s t  t he  e f f e c t  of atomizing nozzles of a l l  kinds found on the  
market. 
Translat ion by Dwight Ma Miner, 
Hat ional  Advisory. Comi t t  ee 
f o r  Aeronautics. 
I Conductor t o  ground 1 = Xi r r o r  galvanornet e r e  
F i g e l  Arra-nsernent f o r  determining r, from t h e  quant i ty  of 
e l e c t r i c i t y  c a r r i e d  away by t h e  drops,  
mith 'nindows. 
photometer c a r .  
a i l s  f o r  t h e  
photometer bench. 
l=Set  of g l a s s  p l a t e ?  
d3 i^"=PLot omet e r . 
Fig .  2 Arrzilgement f o r  determining r, from t h e  diminution of 
t h e  1i;ht by t h e  drops ,  
